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(54) Non-contact deformation measurement 

(57) A method of analysing out of plane deflections 
in materials under load utilising the projection of a refer- 
ence grating on to such a material whilst recording infor- 
mation relating to the individual colour channels of a 
colour video recording camera thereby providing an 
imaginary reference grating allowing a conventional 
Moire fringe analysis of the material. 
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Description 

This invention relates to non contact testing meth- 
ods and apparatus fa measuring structural displace- 
ments and deformation, and more particularly to such 
methods and apparatus for use in the field of structural 
test engineering. 

Known methods of measuring structural displace- 
ments without the need for physical contact between the 
measuring apparatus and the structure under test 
include holographic and holographic related methods 
such as Electronic Speckle Pattern Interferometry and 
Shearography. These methods are sensitive to small 
ground vibrations and accordingly require expensive 
and complex mounting arrangements to produce accu- 
rate results. Known optical methods of measuring defor- 
mation of a specimen induced by static or dynamic 
loading use the phenomena known as Moir6 fringes. 

Moir6 fringes are produced when two identical opti- 
cal transmission gratings, each of which consists of 
alternate rulings of opaque and transparent elements of 
equal width, are placed face to face with their rulings 
inclined at a small angle and viewed against a bright 
background. In this situation, no light will be transmitted 
where the opaque elements of one grating fall on the 
transparent elements of the other. The appearance is of 
a set of dark fringes crossing the gratings, these being 
known as Moire fringes. A simple example of the fringe 
patterns produced by this phenomena can be observed 
by viewing light through two overlaid layers of fine net 
material. 

If one of the gratings is kept stationary and the other 
is moved in a direction perpendicular to its rulings the 
Moir6 fringes move in a direction parallel to the rulings 
by a distance which is a magnification of the distance 
travelled by the moving grating. Additionally if the rul- 
ings of the transmission gratings are held parallel to 
each other and one grating is displaced along a line nor- 
mal to the rulings, shades of grey are observed which 
vary cyclically as displacement increases. 

if the lines of one transmission grating are projected 
on to a surface, and viewed through the other reference 
grating, the observed fringes can also be used to deter- 
mine displacement of the surface normal to itself. As the 
surface is moved away from the light source the pro- 
jected lines on the surface move in one direction in the 
plane of the surface and as the surface moves towards 
the light they are moved in the opposite direction. If the 
projected grating lines are then viewed through the ref- 
erence grating, with their rulings parallel, the whole 
exposed surface area is observed as one shade of grey. 
As the surface moves towards or away from the light 
source cyclically varying shades of grey are observed. 
The intensity of the grey shade is a function of the mag- 
nitude of the displacement normal to the surface on to 
which the first grating lines are projected. 

The method of producing Moir6 fringes in which 
lines of one grating are projected onto a surface which 



is then viewed through a reference grating is known in 
the art as Projection Moir6 Interferometry (PMI). The 
method has been used in numerous applications includ- 
ing the measurement of the amplitude of vforation of an 

5 object or panel under vibration loading. For example, in 
US 4,125,025 a first optical system periodically projects 
the image of a grating onto the vibrating object and a 
second optical system having an optical axis intersect- 
ing that of the first optical system shares the image pro- 

10 jected on, and reflected from, the object and records the 
shared image on photographic film. Measurement of the 
amplitude of vibration is obtained from analysis of the 
form of the Moir6 fringe pattern produced. 

The above method relies on the projection of a 

is series of parallel lines onto the surface of the material 
under test and the viewing of that surface through a suit- 
able physical reference grating. A phase map of the sur- 
face can only be obtained by moving one of the gratings 
through one full pitch or 360 degrees phase shift in a 

20 number of equal steps. At each of these steps the 
image is captured and the fractional fringe order is 
obtained by looking at the intensity variations of each 
point throughout the 360 degree phase shift. 

In dynamic tests this method cannot produce satis- 

25 factory results due to the fact that each image frame 
requires that the specimen remains stationary for the 
length of time that the diffraction grating is moved 
through the required steps. It can therefore be seen that 
the Projection Moir6 Fringe method of displacement 

30 measurement for out of plane deflections cannot be 
applied to materials under dynamic test using conven- 
tional state of the art methods and equipment. 

Our invention offers a method of utilising Moir6 
Fringe Interferometry in the analysis and measurement 

$5 of deflections in materials undergoing dynamic loading 
without the need to stop the loading of the material to 
reorientate the reference grating. 
According to the present invention a method of analys- 
ing out of plane deflections in materials under load is 

40 characterised in that it comprises the steps of; 

i) projecting onto a material specimen under analy- 
sis a reference grating having a pitch equal to one 
third the width of a pixel on a CCD colour video 

45 camera; 

ii) using the colour video camera to capture frame 
by frame images of the material specimen and 
associated projected reference grating lines ther- 
eon, whilst the material specimen is undergoing 

50 deflections due to loading by sequentially recording 
and storing information relating to each colour 
channel of the colour video camera in a frame 
store; 

iii) analysing the recorded images of the material 
55 and associated projected reference grating lines 

thereon by selecting recorded information from 
pairs of colour channels in turn, so as to create the 
effect of an imaginary interferingly superimprosed 
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on the projected reference grating; and 
lv) The invention utilises the repeated linear pattern 
of red, green and blue pixels found in a colour CCD 
recording camera as a component of a reference 
grating for use in Moir6 fringe analysis. 

The invention will now be described by way of a 
non-limiting example, by reference to the following 
drawings, of which; 

Figure 1 shows a schematic layout of Moir6 fringe 
analysis apparatus in accordance with the 
invention, and, 

Figure 2 is a diagrammatic representation of the 
light receiving pixels on a CCD camera 
used in accordance with the invention. 

In Figure 1, an electromagnetic source 2, (in this 
particular example an illuminated light bulb), is posi- 
tioned behind a grating 4 and a suitable optical lens 6 so 
as to project grating lines 10 onto the surface of a spec- 
imen 8 undergoing analysis. The sensor element 14 of 
a colour Charged Coupled Device (CCD) camera com- 
prising columns of red, green and blue light sensitive 
pixels 16, 18 and 20 respectively is directed to receive 
light from the specimen 8 through a lens 12. Data repre- 
senting the intensity of light of the appropriate colour 
falling on the pixels in each column of pixels in a frame 
period is stored in a frame store 24. Grating lines 10 are 
designed to be one third the width of a pixel i.e. one third 
the width of any one of the columns of pixels 16, 18 or 
20. 

Figure 2 shows the CCD camera's columns of light 
receiving pixels, 16,18 and 20 and the Imaginary' grat- 
ing 22 produced by the selection of only the red 16 and 
blue 20 receiving pixels when viewing the image of the 
specimen 8. 

In operation the light source 2 projects the image of 
grating 4 through lens 6 onto the surface of the speci- 
men 8 under test to produce a grating image 10. The 
specimen 8 and it's associated grating image 10 is then 
viewed by the CCD camera 14 which records red, blue 
and green images of the specimen 8 under all test 
deformation conditions and loads them into the frame 
store 24 for subsequent analysis. The recorded images 
are then analysed frame by frame using Moir6 fringe 
irtterferrometry utilising data representing selected pixel 
signals from pairs of pixel columns of the CCD sensor 
element 14. This information is derived from the red, 
green and blue 16,18,20 CCD outputs recorded by the 
camera and stored in the frame store. 

Making the appropriate selection and use of 
recorded pixel information relating to CCD elements in 
columns 16,18,20 creates the effect of a virtual or imag- 
inary grating 22 as is shown in Figure 2. Averaging data 
from the red sensitive pixel columns 16 and the blue 
sensitive columns 20 has the effect of creating an imag- 



inary grating with it's vertical lines positioned at the loca- 
tion of each of the columns of green CCD elements 18 
which may be viewed on a monitor screen. Similarly 
selecting to view the average of the other two possible 

5 combinations of pairs of columns, i.e. green 1 8 with blue 
20, and red 1 6 with green 1 8 enables the monitor to dis- 
play any of three imaginary gratings between them cov- 
ering 360 degrees of phase shift, in three order steps of 
120 degrees, without the requirement of physically hav- 

w ing to move a reference grating through incremental 
phase steps in front of the CCD camera 14. This allows 
the monitoring and analysis of real time deflections in 
specimens 8 subjected to dynamic loading without the 
onerous requirements of having to stop the test to incre- 

is mentally move the reference grating to achieve the 
required phase shifts. 

Additionally, the information recorded in the frame 
store relating to each individual CCD element of col- 
umns 16,18, and 20 will enable the intensity of light fall- 

20 ing on each CCD element of columns 16,18, and 20 to 
be evaluated and thus the out of plane height displace- 
ment of the surface deformation to be deduced. 

Claims 

25 

1. A method of analysing out of plane deflections in 
materials under load, comprising the steps of; 

i) projecting onto a material specimen under 
30 analysis a reference grating having a pitch 

equal to one third the width of a pixel on a CCD 
colour video camera; 

ii) using the colour video camera to capture 
frame by frame images of the material speci- 

35 men and associated projected reference grat- 

ing lines thereon, whilst the material specimen 
is undergoing deflections due to loading by 
sequentially recording and storing the informa- 
tion relating to each colour channel of the col- 
40 our video camera in a frame store; 

iii) analysing the recorded images of the mate- 
rial and associated projected reference grating 
lines thereon by selecting recorded information 
from pairs of colour channels in turn, so as to 

45 create the effect of an imaginary interferingly 

superimposed on the projected reference grat- 
ing; and, 

iv) deriving from said analysis intensity and 
phase data corresponding to the out of plane 

so deflections of the material at sequential times. 

2. A method of analysis as described in claim 1 
wherein the recorded images are captured on a 
video recorder. 

55 

3. A method of analysis as claimed in claim 1 or claim 
2 wherein the recorded images are utilised to map 
the phases on the material under analysis by using 
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different colours to represent the recorded phase 
changes. 

4. A method of analysts as hereinbefore described by 
reference to the accompanying drawings. s 
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Fig.2. 
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